The study aimed to determine the impact of treatment frequency, hospital size, and capability on mortality of patients admitted after cardiac arrest for postresuscitation care to different intensive care units.
Introduction
Cardiac arrest occurs in 375,000 adults in Europe every year. Overall survival to hospital discharge ranges from 8% to 10% for out-of-hospital cardiac arrest, and is most commonly reported to be around 20% for in-hospital cardiac arrest [1] [2] [3] [4] . Several factors (patient related and resuscitation related) have been identified to have considerable impact on outcome. Cardiopulmonary resuscitation of good quality, with uninterrupted chest compressions as well as early defibrillation (depending on initial electrocardiogram rhythm) significantly improves the outcome after cardiac arrest [5] [6] [7] . The etiology of cardiac arrest is also known to influence the prognosis. Of note is the fact that the outcome of patients resuscitated from cardiac arrest treated in different hospitals and intensive care units (ICUs) has shown a significant variability [8] [9] [10] .
Hospital factors during the postresuscitation period and their implications for patient survival have long been underappreciated and have not been well defined. Geographic factors as well as the level of care of the centers involved influence outcome after cardiac arrest and cost effectiveness [9, 11, 12] . The first standardized algorithms for the postresuscitation-care period have just recently been implemented in the European guidelines for resuscitation [13] . Several hospital-related factors, such as hospital size and teaching status, have been identified to be of importance for the outcome after cardiac arrest, and regional differences have been described [10, 14, 15] . With regard to the role models of acute coronary care units, stroke-, trauma-, and burn-injury centers, specialized cardiac arrest-care centers, as well as predefined treatment bundles for the postresuscitation period have become a subject of discussion recently [16] [17] [18] [19] [20] [21] [22] [23] [24] .
The aim of this study was to investigate the impact of ICU-related factors and ICU characteristics on the patient's outcome after cardiac arrest. We furthermore suspected that the frequency of patients treated after cardiac arrest, the hospital size, and the capability to perform coronary angiography and intervention influence cardiac arrest mortality.
Methods
The Austrian Centre for Documentation and Quality Assurance in Intensive Care Medicine (ASDI), a nonprofit organization that has established an intensive care database and benchmarking project in Austria, prospectively collected intensive care unit (ICU) data. The collected data included demographic background information, such as age, sex, and preexisting chronic conditions (comorbidities); the reasons for ICU admission that were recorded according to a list of medical and surgical diagnoses [25] ; severity of illness according to the Simplified Acute Physiologic Score (SAPS II), determined at admission; level of provided care, as measured by the Simplified Therapeutic Intervention Scoring System (TISS-28) [26] ; length of ICU and hospital stay; and status at ICU and hospital discharge (survival/death).
The study protocol, and waiving of informed consent (no interventions were performed, and no individual data were analyzed) were approved by the Ethics Committee of the Medical University of Vienna.
To assess the reliability of data collection, interobserver variability was checked at regular intervals. Variancecomponent analyses with the random factors "units," "patients within units," and "observers within units" were performed as described previously [27] . To assess the completeness of the documentation, the number of missing parameters for the SAPS II score was calculated. Additional details have been reported elsewhere [27] .
All patients who were continuously admitted to 87 Austrian ICUs between 1998 and 2010 were evaluated for this study (n = 279937). From these, patients without a unique identifier as well as patients who were documented twice were excluded (n = 366). For patients who were admitted more than once (n = 19,426), only the first admission was included. Patients who were younger than 18 years (n = 5,386), those with records that lacked an entry in the field "hospital outcome" (n = 2,108), and those without a valid SAPS II score (n = 10,063) were also removed. Of this sample (n = 242,588), a cohort of 5,857 patients fulfilled the inclusion criterion of resuscitation as the main diagnosis at admission to the ICU.
Statistical analysis was performed by using the SAS software version 9.2 (SAS Institute Inc., Cary, NC, USA). For tests of statistical significance, ANOVA for normally distributed data and the Kruskal-Wallis test for distorted data were used. Furthermore, the χ 2 test was used when appropriate. A P value of < 0.05 was considered significant. Unless otherwise specified, descriptive results are expressed as median and first and third quartiles, respectively. Risk-adjusted mortality was calculated by dividing the number of observed deaths per group by the number of SAPS II-predicted deaths per group. To identify risk factors for hospital mortality, univariate logistic regressions were performed.
The primary analysis to investigate the association of frequency of intensive care after cardiac arrest and mortality was a multivariate generalized estimating equations analysis (SAS Proc Genmod) accounting for correlations within ICUs with dependent variable, hospital mortality, and independent factors of postresuscitation care frequency, SAPS II score, an interaction term of resuscitationcare frequency and SAPS II, gender, number of ICU beds, calendar year (calendar years were dichotomized into two groups, before and after the year 2005), ICU type (medical, postoperative surgical intensive care unit in hospital ≤500 beds, postoperative surgical intensive care unit in hospital >500 beds, Trauma). Variables that are part of the SAPS II score (for example, age, GCS) were not included separately in this analysis.
To illustrate the influence of the annual case load on hospital mortality, mortality rates were plotted stratified by the number of resuscitations per ICU per year (<18; 18 to 25; ≥26 resuscitations per ICU per year) and SAPS II score (divided into intervals with width 20). Furthermore, the distribution of risk factors in Low, Medium, and High treatment-frequency ICUs, as defined earlier, was compared.
Results
Hospital mortality after cardiac arrest and risk factors are displayed in Table 1 . Chronic renal insufficiency, chronic heart failure, chronic respiratory failure, diabetes mellitus, liver cirrhosis, malignant disease, and hematologic disease are associated with hospital mortality. For all of these comorbidities, the mortality is higher (odds ratios between 1.3 and 2.8). Differences in baseline factors of the patients treated in the three different strata of ICUs are shown in Table 2 .
Observed hospital mortality was 56% in the cardiacarrest cohort. Observed ICU mortality was 45% with 2,649 nonsurvivors. SAPS II predicted mortality was 66%. Risk-adjusted mortality was 0.851 (0.836 to 0.865) for cardiac-arrest patients. Table 3 shows the measures of intensive care as reflected by the TISS-28 score for each of the three strata of ICUs grouped by cardiac-arrest frequency. In high-frequency cardiac arrest ICUs, enteral nutrition was favored over parenteral nutrition. Renal support was initiated in fewer patients in ICUs with high case loads of postresuscitation patients. Patients received fewer diuretics in high-frequency ICUs. A combination of vasopressor medications was applied in fewer patients in ICUs with a high frequency of postresuscitation care. A peripheral artery catheter was used in more patients in high-frequency ICUs.
Comparing outcome in different ICUs, we found a lower mortality for ICUs in a hospital with more than 500 beds, but it was not significant in the multivariate analysis. The existence of a coronary angiography unit at the hospital was not significantly associated with outcome. Results are displayed in Table 1 .
The unadjusted univariate analysis did not show a significant association of hospital mortality and the frequency of resuscitation care at the ICU (OR, 0.99; CI, 0.95 to 1.03, P value = 0.497), but the frequency of postcardiac arrest intensive care was associated with riskadjusted mortality. The ICU stratum with the highest number of resuscitations showed the lowest risk-adjusted mortality. The SAPS II adjusted, observed-to-expected mortality ratios (O/E-Ratios) in the three strata (<18; 18 to 26; more than 26 resuscitations per ICU per year) were 0.869 (95% CI, 0.844 to 894), 0.876 (0.850 to 0.902), and 0.808 (0.784 to 0.833).
The results of multivariate analysis are displayed in Table 1 . SAPS II score was significantly associated with hospital mortality and the frequency of postresuscitation care at the ICU.
The interaction of the frequency of postcardiac arrest intensive care with SAPS II score showed that, for patients with high SAPS II scores, the dependency of mortality on the frequency of resuscitations is lower (the corresponding interaction term "SAPS II × 10 patients per year" showing an odds ratio >1). This interesting result is displayed in Figure 1 , which shows the association between crude hospital mortality, severity of illness, and the frequency of postresuscitation care in a diagram. For patients with high SAPS II scores, mortality is constant, despite increasing frequency of cardiac-arrest care, whereas, for patients with lower to medium SAPS II scores, it shows a falling tendency with increasing case load.
Discussion
We evaluated the association between patient-related factors, comorbidities, intensive care measures, and their impact on the outcome for patients treated after cardiac arrest in different ICUs. Significant outcome differences occurred between different ICUs that were treating cardiac-arrest patients. In high-frequency ICUs, we found a similar mortality, although patients in these ICUs had significantly higher predicted mortality. The need for treatment bundles for postresuscitation care and the foundation of cardiac-arrest centers have recently been discussed intensively [18] . Several studies have shown that outcome after cardiac arrest is influenced by postresuscitation care measures and the treating facility itself.
A comparison of postresuscitation care in Göteborg found a significant difference in survival-to-discharge rate of two hospitals (33% versus 44%). This was caused by baseline differences, socioeconomic status, and in-hospital factors (technical capabilities and staff resources) [9] .
Carr et al. [14] investigated correlations between hospitalrelated factors and outcome after cardiac arrest in different hospitals in the United States. They found different mortality rates by comparing hospital status than by using treatment frequency. The highest survival was found in large teaching hospitals in urban areas [14] . The same authors found an association between the volume of cardiac-arrest cases treated per year and favorable outcome [10] .
Langhelle et al. [11] compared in-hospital factors influencing outcome after out-of-hospital cardiac arrest in four different regions in Norway. They found significant differences in survival to discharge, linked to Utsteinrelated out-of-hospital and in-hospital-factors. However, they did not compare hospital capacities and cardiacarrest treatment frequencies.
In contrast, Callaway et al. [12] found no independent associations between survival or length of stay and hospital characteristics.
Our results, though, add further evidence to support the initiation of cardiac-arrest care centers. Even though crude mortality of cardiac-arrest patients did not differ between the ICUs stratified by treatment frequency, we found a significant decrease in risk-adjusted mortality when correcting for factors such as the severity of illness, the year, ICU specialty, patient sex, age, and comorbidities, hospital size, as well as the number of ICU beds. Our analysis identified a subgroup of cardiacarrest patients with low to intermediate SAPS II scores, whose postcardiac-arrest intensive care in a specialized Figure 1 Association between mortality, severity of illness, and frequency of post-cardiac arrest intensive care provided in an ICU. x-axis: Frequency of patients treated after cardiac arrest, divided into tertiles. y-axis, Mortality ± 95% confidence intervals; SAPS II is divided into steps by 20: <20 (lowermost line), <40, <60, <80, <100, ≥100 (topmost line). Every second line (+CI) is shifted for improved identification of the confidence intervals.
high-frequency center was associated with lower mortality ( Figure 1 ). This might be caused by the fact that most patients above a specific SAPS II score are so severely injured that none of the expertise in those high-frequency centers could change their grim outcome.
We also tried to identify the intensive care-specific factors that differed between ICUs with high and low frequency of postcardiac-arrest care. A significant difference in intensive care measures provided was found. The reduced use of mechanical ventilation, renal support, and multiple vasoactive substances probably reflects a different treatment approach in higher-volume centers. In contrast to Callaway et al. [12] , we did not find an association between the hospital's capability to perform coronary angiography and mortality.
Because severity of illness was significantly higher in patients treated in high-volume centers, we expected those measures to have been provided more frequently.
This study is limited by the fact we were not able to provide data of the resuscitation process and the cause of cardiac arrest according to Utstein criteria [28] , because the ASDI database was not conducted as a cardiac-arrest registry. Conversely, the size of the database allowed detailed comparisons of in-hospital treatment factors in this cohort.
Another limitation with respect to outcome evaluation is the lack of data concerning the use of therapeutic hypothermia and the performance of coronary intervention. Furthermore, assessment of neurologic performance at the time of hospital discharge as well as neurologic follow-up according to Utstein criteria, was not performed. Additionally, the analysis was retrospective and performed only in ICUs willing to provide their data to the database, thus introducing the possibility of a significant selection bias.
Some of the factors that influence treatment of patient after cardiac arrest might have been missed. Conversely, the TISS-28 scores provided a good measure of actual efforts. Withdrawal of care was not recorded in the database. Therefore, it might be possible that ICU mortality was influenced by differences in withdrawal-of-care rates. As withdrawal of care is, in most of the cases, a patientspecific decision, we think that the size of the database was able to balance out possible differences.
Conclusions
In this database analysis, a high frequency of postcardiacarrest care at an intensive care unit seemed to be associated with improved outcome of cardiac-arrest patients. We were able to identify patients who seemed to profit more from high frequency of care: those with an intermediate severity of illness. Considering these findings, cardiac-arrest care centers might be a reasonable step to improve outcome in this specific population of cardiac-arrest patients.
Key messages
A high frequency of postcardiac-arrest care at an intensive care unit can improve the outcome of cardiac-arrest patients. Cardiac-arrest care centers must be implemented.
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